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(54) ELECTRIC FIELD-EFFECT UGHT EMITTING ORGANIC ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electric field-effect light 
emitting organic element which is superior in thermostability and 
antiweatherability and which emits light with high luminance and in 
which a stable luminous property can be maintained and which has a 
wide range of process conditions at the time of manufacturing. 
SOLUTION: This is an electric field-effect light emitting organic 
element having a luminous layer 3 that is pinched by a positive 
electrode 2 and a negative electrode 4 on a substrate 1 . The 
negative electrode 4 contains metallic material, alkaline metal and 
oxygen atom. 
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[^It^CSSB] 

[11*12] i9fB«tti*BfcK3WR : F*30at.XJUT3' 
$^^HJ0~30at.X, BJR|(?a>£«*#l~40at.%® 

usa n c ft a - * w« ^ 1" a »#a 1 xtt 2 c * a *® 

i- h 'J Afft s c k i^SSi: 1" 1 *tl> b 3 © 

®r ;u ^ - p A«*t**t 5 z k *«« k -r * m&m 
i &i> 1 4 ©VN-rtv^ i miztzmotimm&ftftmTo 

[ffi#«6] mif3&JS*m#> 

tub,, ^xavii !> ftifffrftiaft* i ixi* 2 

ftfr 1 «C!B«©**SSIM83te^. 

B5f3Hffi©^*lkS«ffiiJfflffit, 771> 
• * v£S£^«b&v^JIJI#*Ji£*v£^s-k*^ 
St J: -faS^S 1 fcv> b 6 ©ii-fiifr 1 SCI3«8©#« 

[W*ia8] w*si*v>b7fflv^-rnA i iJa^33« 
* -r s - 1 z®m 1 1 & GmmRftitm? 
[§s#*io] ii*iai*v^b7©v->-rn* i iiici3 

£ £ «fc »3 b5b3P§Bb * JKfiX f £ Ii 4 * T 3 C £ £ & m £ 

im$.m 1 1 i »*s i *^ b 7 ©vMr*ia> 1 ^t§3 

?©©&£&. 
[i*J|l 2] i^IRlfc^b?©^*.**^^ 



«©*«si!L»*m^«:SiJSi" a#are<&^"t> 

t> «jRa^-SCi:t«fc?)«il3l8ffi*ff^-rsxS** 
[0 0 0 1] 

H1-St)©T-fet)s #b<tt, #«Mh^**6*a»* 

*©-c-fta. 

[0 0 0 2 ] 

[f£*©tt«] ft*^ »KSS©S*%* (EL) H^k 
bTl±, «»(#&© II- VIi£{b^^«ftT-& S Z n 
S, CaS, SrS§t> 5Mn^±S 
tg* (Evu Ce, Tb, Sm?) *F-7bfc*©# 

1) ^EttSn^^S (50~1000Hz) . 

2) BUMtEEffK^ (-200V) , 

3) 7;i/:*j7-<fbA 5 KIE (^tWfe) * 

4) mmmm®®®?* b#si^ 

kV^iajaj&fcSbT^S. 

[0 0 0 3] bfrb, jfi¥. ±f3P^®^©aitM©fc«)> 
-riX©^*l6]±*SWi: b"C««©8*©*3*fls*tr 

fcw«a#^*^®^ (app 1 - ph y s - Lett -' 51 ^* 

913H, 1987^) H«tt), t*07>h7-b>§©#^ 
H,£fflV>/feE L^^ iUtKbT^^^©^!!*^* 5 

[0 0 0 4] ±fB©«?fcf£# : f 
profit:*, %*»©«^i:b-c. *'J (p-7i-i/ 

>t:-b>) , [2-^ h*5'-5-(2-xf^*S/Jl' 

^©«^#»*fflv%fcS^*«^©M 
^UK^;V*;vyv/-;u^©?a^t{£^©« 
jfett^iia^ft^^S^bfe^oPBIgt^fcn-C 

[0 0 0 5] ^©id*««t:*5l>T. 

[0006] ip*>> fimmft&ftMTnmmtt^nttz 
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M?©ft®i:bTfct:*tftF [ gHT-fc>K 1«tc7;i/*7- 
• -f 3$©*^3t^ i: bttiS 

[0 0 0 7] *«SS#«*^^«DSE16f^©^^tti: b 
^■^^©ffitt^H^ffitfffl^e.fts* 5 , 

^att^^,*©*«-tc«t s&fb^ti^-r <> ffii&Kr©^ 

g£tt©*£ftgEi:ft-3T^3<, (&tt*Hf&&JS4ffi 

<&3#, ±$ffl^££ttffl;fc«>£&#a j ii£ftT03o 
[0 0 0 8] a&®*o.oi 

~o.i aagp^-«$^*:^j:t)'B:s^ei*sis^$ti , r 
»t«» »*•£*£*©**«**»*:*]•*•*«&»# 

3fSI©JfifiEit©7;V^-^A • 'J^Ai^&CPIfii 
/■£ff£fig-r.5fflli7-n-fe;*±ffli£-e&5o T;i/5.-r>A 
hU^OAC^fllcmfiElt©^*^®^!/^ h-*>* — 

*ST-lt®£ffi^1-3ctt>#*£*iT{iv^#, c© 

# iTC-li, Uf C?Ai:7;H- £ A© ^BEStf* ^ f 

5. — r> A • A£-&©fflritJt©£Si*jgci-ri:l , > 
^-i>Ag?*^tfPS«i#Sj«*ixfe^?-C-(±. ifjtMft 

t l v> « © h «: s t u -3 fc*»^*> 

[0 0 0 9]-*, Uf^AS 6^;i/%w±^tfr;>5 

-^A^«kf)ftail«St)^^n-C^S*s («fW¥4 
-212287*f&$8) , £ffl«fc5ftfR?T*t>BEiBbfc'J?-£ 

-r*^i:fci:T-£ftv^ 

[ooio] Stc, r;u Agister 'J^«o 
7 Wb%£ili§i-bfc*m«fc SftsPifiifcia^ftTus 

# (Appl.Phys. Lett. ,73^,11851, 1998*£) , ^^© 

£ OOT © B2lt li & £ *VT V 1 * ft I •> o 
[0011] *fe, Pifii£Li 2 0£:Ali:©»J'!?©2 
JH8iIt-f .5::i:<&ft3g£ftTV>S# (IEEE Transacts 
ons on Election Devices, Vol.44, No. 8 pp. 1245-1248 
(1997)) % Z CDm&. mm&O. 5-1. 5nmffiL 



jb tc» LT a i m *%±icmmx' t ft ^ c ^ x. 

it, Li 2 OliAU 
ifc^LT*«)i'N©^»i)tc*t)v ^-^7*^h©% 

[0012] 

[$BW#8?*feb<fc-5 hTSISffl] ±j£©*P<, * 

LTO\ r;i/^-£A:&« 
t 'J f- ^ A ££-£{b£ ©•£ U ■> A*b^!>£?I£- 
bfc*©ftif#«3iS;*;ft<T^3#, iKft£5£tt©|pl±i: 

Ofco 

[0 0 13] #&W±> ±»fi£*©railjiS*)!l*b, (£ 
ttfc^a#^ifc^^hv C©<toft*«S^*^^ 
[0 0 14] 

urn, T^^^^mRxfmmm^^^-rz^t^m 

[0 0 15] EP*>, *^W#5.(±. W8fc> WtettCff 

ssft»*i«tt*iu*T;Sx sc&, ftuHB*©:rn-fe;* 
[0 0 l 6 ] TMBWT-fi. 

•B-S^^tctf), H«i©tt*BliS4fi<^SCi:tfRlfg 
i:ft»K m^iffiA-rafcftCDHiaiHiOx*;!/^-!* 
S^TIf •S-htcft *SHIi:bT, ^^©BifimfE* 

C«fc!3s BuMbfc'J^^A^roT^* UMI?0^ 
Ji'N©lit»*«i»i-rscii:ASRrt6i:ftSt«fc. gttcffi 
m * ^ tf c t * 6 « © as t *t b x t) ^ W tc 
mts. ip*.; Pieifc^A$nfc^©-ap«i^« 
«^SV/3tttr;i/*'J^Hi:^b, ^««»©^b 

[0 0 17] c©JSms (S«E(C*ViTiSflJS> flSSb^ 
T-^Jfc^-frSCi:ASpIfgi:ft t)» iSSffiSS©Bt&t*J 
^^Tt^•c•, ft#«f©^bffl'i>ftv^^^S:^#a^i:As 

[0018] ft*, *^WtC*^T, ^JSW^ilJix Pi 
fiiffl£f£#*fl5fi£-f 5*©T-&!K 'J^«fel^© 
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[0019] *&w<D&Miz&ttz&j&ttm<D-$%m± 

MW. 50~95atX £fg= b< li60~90atX 7JU*D& 
JB©^:gs!Mij§&, 0.1~20at.X, b<t*0.2~10a 
t.%, ft)RJSi?0$£*ttafir l~40at.%, *?g;b< 
(i3~30at.XT'*So £fe> ^^©B^liSkl^^® 
^ *30at.XWT> &£ b < ttlOat.XWT©SSHT-^* b 
TUTfcJ;^. ^^lf^{±, |iiS*mi:bT{£ffi-fS>' 

v&&Tz>ztk£t>£mmt(Dm.m&vmi>. na© 

[0 0 2 0] ltaffl£Jgtt&kbT{±7'n^-£A> -f 
>i^A, tWS/'JA, *;i,$/£A, MSfi^ 

a, i^oA, *XKtftaj^&3PA>£3tfft3 lax 

£A^£#*fi:bV>„ 

[0 0 2 1 ] *^SWO|8ei^iC^W^tVS7';i/A 'J&JI 
ilbTtis Uf^A, ^HJ^A, *'J->A, -b 

«>-7AS|Kl^;t-ft6©iI^%J#3M:f *>tW tStC, 'J?-£ 
ASV/XIlt h 'J A##£ b^. 

[0 0 2 2] £fe, %*Jl(i> 8-tFn^>3fV'J> 

[0 0 2 3] B«i©^*«i:S*fffliJcDffi{c{i, r 
;i/*U&J«*^*b&^&JgJf#*Jl£ft-CUS;ri:As 

b^o 

[0 0 2 4] £©J;dfc#»IS©tf*rajM8#*?fcJU 
0J;ttf> &ffl(D~@)©<fcd C b-CKfiiS^JESr^Xg* 

#nfcc*svvcfifctt3iK*-r s - k c <fc •) 

<3> ^H»S J: V ^1 1 ©^Siffiti* ^ -y v 

[0025] ±ie©©~€>ffl*»T-$.niix m?®ftft 

[0026] St, xftwanmnftftftm?^ &m 
b t xmmt a - h c «t ») us * mm, t s n * m * s 



[0 0 2 7] C«D»£. 7;u#U£JB£^*f-r3WSS<b 

©te«ffliMiajmT-^ ? © & &# r s ©»j £ s -5 o 

■j^JgH^osicttbT* I«±ffflKS (77i/*'J& 
Jl©«) ##&J®H£fc3fflT-, £v\ggB©r;i/* u 

&«©*Wb£-%©S&»SC*tbT, *?Ciil47^ 

Ts^^itit^bT, if^«fffl7 , o*^*tt©ea 

fiA J t&l££l£< & >K rD-fe^±©*iJ^^#m(c^;S 
<* MgCttbTfc^a&fc^&T-ifeSo 
[00.2 8] 

[0029] h i ~ 5 \±*&w<Dmmm%-%.itm*(om 
[00 3 0] sis ni*^«#^*^^©^frk*s 

tss-rs^sASfes. »*©#*M>j7tt#(a-rga 
vi-rn^-*©fflxttis®tc«i[ 

©*sj^fSbv^„ 

[0031] sii ±£nzmm2ifiWive>ti2>o mm2 

(i*#%^«3'N©iE?LttA©©i'J*Sfc-rt©-C& 
£. C(DBg2tt, iiS^ 7;U$.-^A, ^^ ®s 

«±^x©^b^i*k©^®Kfb^ 3V1bm*¥(D'w 

fXt&m, A-#>7'7yi'> feSVAji, ^'J (3-^t 
f;W7i>K !t?'JKPHW #'J7-y^«)S 

tttii^&^ciiJiisns. ^a 2 ©jfcjstiii 
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*). *«l±£#«ttig#^*g^b;fe!5-f £-fc£<k 
»K Ri«S2*^fiS-rSCi:t.T-#S (Appl. Phys. Let 

t., 60^, 27HH, 1992^) . ffiM2&m*z>y)mx-m 

5 ~l000nm,Sf S b < ti:lO~500nmfI,KT-<&3o ^ jig HUT: 
«fciv©£»il^3§2li«;&l i:P-T-*«t^ 0 Sfc, IC 

[0 0 3 2101, 4 ©tii^^IT-tli. mm 2 

n&z^zbtitznmmiza^x, w>m2frt>&x 

£ ftfc IE?L £ mm 4 A> £ £ A $ tltz 4 A < «Ji£ 
bTWIS^S*, Wlfi^tJ:»)»*A<»*-r* 

s£©|6]±©fc«>Cx 0 2 Cijx IE?L6&jaiJi 3 b i: 

3 cfc#fJbTtifB#*£!fc:-f S^fcASfrfc 
ftS (Appl. Phys. Lett., 51S, 913H, 1987*fO . 
[0 0 3 3] ±83©«WB«-«S*^ t*V>T , IE?L«ii£ 
13b£DWJ:Lttt, RH3i2*^©IE?LaA^*A s ii5 
<, fro, ?iA^fcIE?L£&*<fc<*tJ£r3-i;#T- 

[0 0 3 4] ZCDXottjElimmttftt LTIi, «*. 
tf, 4,4'-tf^ [N- -H-7^~)VT * ^ ] 

tT7i^;UT-f^a^tVS 2fflW±©3ii7'^ >*-^^s 

7J> («H¥5-23468Hf&«) , 4,4' ,4"- MJ * (1- 
t7f;i/7i = ^7^ ) h 'J 7i-^7 5. >^(D7.9 
-yt— b^B5:^-rs35#KT 5 (J. Lumi 

n.,72-74#, 985H, 1997^) , h- <J 7 * -)VT 5 >© 

H&ttA^ESs^ffffiiT ^ >fc-&® (Chem.commun.,217 

1996^) , 2,2' ,7,7'-^- h 7*7-(^7x^7 

^y)-9,9'-^ent:7;i/7rL'>^ffl^tfn i"b£-$i (Syn 
th. Metals, 91#, 209M. 1997^) mtf&tf ZtlZx, C 

2 f|Jjl±£ig£- btffl VT * <fc V>. 
[0 0 3 5] TEHmmm3 bC^tltli, ±f3©4"b 

7i^7;> (#M¥7-53953^&^) , f h?7x 

*> (Polym. Adv. Tech., 7g, 33H, 1996^) 3?©S5# 



[00 3 6] IE?l$SJi£Jl 3 b Ji, ±IB©IE?liij£*t*4£ 
i^a^StMiRSItaicJ;!), MfB^tii 2 Jitc^W 

[0 0 3 7] &*P8,©t§£tt, IE?ll&»*m© 1 HXIi 
2 MfeJIJiic. i &SfcJ;>)IE?L©h7«.y:7fc:fcS.&vvW 

So -©*§£> >w >?-®mtLxi*. 

jg*iST^-e-5©Tv 'J>£t>;£#M$ b < , ilSx 5 0 
Sa%JilTA s »*bt>o 
[0 0 3 8] *^^»&©®^K:(i, ]E?L«)iSI»^4» 

^»^*>7-T-10- 4 PafiStC*T-^»,bfe», 

-^-CgfrtvfeSffi 1 ±.<anm 2 ±{CiE?L^iii» 3 b £Jfc 

[0 0 3 9] IE?Li)i@l«3 b©MJ¥ttx a^l0~300n 
m, »$b<tt30~100nm-e$>.5. C©^{C^t^M4-« 

[0 0 4 0] iE?LffiA©^b*S:Mt|q]±$-e-> *» 

0 3{C^fjin<, IE?L$it^H3 btmm2 tvffitmm 
^-y77l3a$if^tl l ^J:tifffcnTU5. -®<t 
o^Hfii^'^^TlS a4Mt5-tfc * !K «JW© 
^^©iPftam^T^SiilBl^t. 
IKI!lbfe^©«ffi±#tWJT-^5»m* 5 fc2)o Blfii^* 
v 7rJit:fflV'>?)tLS*J^tS*$it5*fri:bTtt, 

<, M&tVXk* 300'CW±> ^7^(E^Sfii:bT(± 
100°CW±* s S5l<^tv5. It, ^>{b*^>^^^ 

[0 0 4 1] C0i7%«)s(tLTlt ft*. ^7^0 
^r->^©^0$/T->{b^«l (1$MBa63- 295695^- 
&Wt) x #'J7-';> (Appl. Phys. Lett. ,64^, 1245 
H.1994*?) x ^'J^*73i> (Optical Materials, 9 
125Hx 1998^) ZJiy* • * 

-*>K (Synth. Met., 91#x 73Hx 1997^) 

(D&m&fcVO (J.Phys.D,29#. 2750H, 1996^) tf$B 

[0 0 4 2] dS^';7 7|3 at», IE7l«}j£Ji3 b i: 
IBitlicbTSS^fKoItlt-feS* 1 , »«^©*^t:ttx 
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[0 0 4 3] Z<D&\ZLTBf&2nZffiM'iy 77|3 
a©fl§IJPfcL jiff 3~100nm, S? * U < (±10~50nmf& 
S. 

[0 0 4 4] IE?l<&j£/i3 b<D±\C\*n?®mm3 c# 
Wt:fcH>T IBS* 6 ©«?£#)*<): < JEHmmm 3 b © 

[0 0 4 5] C©«k$&*fl=*»fcr*mfcbTWU 8 
- 1 HD^-> + y U >©7,il/^-9A$t&:&if©:&®$g 
ft (*RrMB59-194393-ft&fR) , 10-t r-*D*i"*W 
[hl^y'J >©£JIIttt («rH¥6- 322362^£:$g) , If 
X**-y;V* (^M¥1-245087^&$B, 
|S12-222484^&$B) if 6 ft* . 

Et Et 

Et. F> 

Et 



[0046] c*i6©fls£«tts v>-rtvt)m^ffi^t4h 
[0047] *^±i3©^^{±-r^-r©%)Sfflm***J 

^tlTOSo HP*>, WTt^-ra^liflt (T-l) 
v>SCi:f, ig®^©*ei2g##Rjfefc;:i:#$8£;**l 
& (Nature, 395#, 151H, I998*f) . *<D'4k. WTt 
jRT <i iJ5")Ai# (T-2) £JjLT©*bl?r«9 (T- 
3) hil-TS^*^ K-m-W, BtiB 

&ssftT-a*#*£<&#£ftsch*>$B££ft;fc (ap 

pi. Phys. Lett., 75#, 4M, 1999^) „ -r©<fc?fc#i 

ftlc«k3&#(i, ^*Jirt-e^§siE?L-S?©H^ 
c <t t) s«-r s as = 6 ©se* * mm ? z * ©t 

&3Ci:A>^ ft#©ibfe#-fiffli&lfiT-;fc3fflC*fL 

t, ^i?>^as©M^*»e.3fg©%ite«j^*sma*n 

[0 0 4 8] 

[(bi] 



Et 




(T-1) 



P* Et (Et:C 2 H 5 ) 




[0049] ztKbait-smzm^tzn^mmmz c 

£©PSfc&:>fc£ * fc ?> TfSfJ * m& £ i: #-C- § 

fe«U ie?l«j&ji3 b#f6tt*&fe*;f^-r£Ji3• 
[0 0 5 0] m?ISJ&JI 3 c OgtJVtiU iISlO~200n 



(T-2) 




(T-3) 



nu b<li30~l00nmffeS o 

[0051] m^mm3 c<b lE^mmm 3 b tmmco 

[0 0 5 2] fcfc, ^?©«^38j^*lR]±^-a-Si:i:t) 
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m<DV— tfffl£ftfej!i£ K-7"f SCi: (J.Appl.Phy 
s. ,65#,3610M,1989^) t>tlX V» 5 . ZCDJsm 

3) mg.m**&ztmit&m*>mm*im* 

4) »flgtt©»^£bfcfefii*>(£ffl?Jt^ 

[0 0 5 3] ^^©i!i!)»^?:ast#-r a i«-c*v^t 

y y >©7;i^-0A^#fck-©£J»JI#£** Mm 
tit, ;i/^l^>Hft*^tlS^7^-br>^^ (Jpn. 
J.Appl.Phys.,7A#, L824H. 1995^) , ^r^^U H > 
mmfr (Appl. Phys. Lett.,70#, 1665M, 1997*£) 

5li?©$eft<Eff4* 1$£18ii)££tt£*#<lR]±;** 

iSkbTfct. &^»K«fc££i£k^»ii*^«>ffi£©S 
JS T- it £ b T < £ m & * s . 
[0 0 5 4] ttffiftMtfTfcfe^Wfl&OftlUM&JI 3 

(Nature, 347S, 539H, 1990^ffi) , * 'J [2-^ 
S>-5- (2-X^;U^*^;U^^-i/) -1,4-71.— U> If - 
b>] (Appl. Phys. Lett.,58#, 1982M, 1991*£ 
flfe) , (3-T;i/^r;i'5 : -*7a.>) (Jpn. J. Appl. 

Phys., 30#, L1938H, 1991^flfe) 3P©i«#^*m-S\ 

xKU K=;i/*;ww-;i/^©S#?fc»#*mk*?8 

l!)«*4£ii£bfc& (JfofflWI, 6m, 1044H, 1992 

[0055] **«IM8***©»#»**MCft±3 
*a#<£i:bT, ;®J;?%*IM13©±i:Sf:t 
^aEXHS:««f 5Ci:*)T-§So ^©fTftAltffl 
v>£ft.5(b£t>fcHu K«iA^©m?fiX* s ^^T^ « 
?©*Sii3lfie^* J M^X§v>^i:AsS*^ti5o £©«& 

- 1 r-'n^ri/^y U >©T;i/5li^ ^ 
(Appl. Phys. Lett. ,55#, 1489H , 1989ffffe) -?>^ 
ft£>£*y^** y;i/K^^7V (PMMA) 9?©»flgfc 
#fCbfc?& (Appl. Phys. Lett., 61g, 2793H, 1992 
^) x '7xt>hDi;>8«» («rM¥5- 331459^& 

an &ns. ;:©*§£* a?axji©KJ?«> 

il^5~200imu iff * b < {ilO~100nmT-$>So 
[0 0 5 6] PHS4fcfc. SiM13Ct??:iiAtS 

n.s»ii6U±> z&mttmts r;i/*y& 

A, -OS^A, V^*>>r>A, *;Ui"^A, MIS, /t 



i-Wlx. *DA. §B©l«XH:2ftJiL±#3Mf 

k D b<liT;i/^- f >A* s P«f £ti£. & 

JRtmfcbTHU cne.©lffl*#$bTN §KtMi2aw 
±©£&i: bTffl^5Ci:#T-§S. fifii£^3:*i£- 
©&JB*m©S«tt* SfSb<tt50~95at.X, ^Cifg: 
b < li60~90at.X©f5HT-fc3. H8iC^f;*ft£7;U 
*y&Jg©Sfttt> Sf*b<Ji0.1~20at.X, 1$fcl*ft 

b<ao.2~ioat.%©fflsHr-&s. *fe^ mmt&imm 

*m»tf/Xtt7Ji/* y&JB£*S-&bXt>£'&ffli:. *£ 
£-CW^b&f><&©A s &»K £*l£©«gfii: bt, 0~3 
Oat.X, ^(ClOat.XfelTCSSWfflT-Hfiitr^^^^a 

&©#ifct>> C*l<3fflS®ftkbT. l~40at.X x #£3 
~ 3 Oa t . X© SJS46 IB T* Hfig (C ^ *l S - k A 5 *f * b 

[0057] *f6wc*5v>t:tt, 7)W)&mzmmic 
* s nrt6k'& t) x m?4?ix-rafc«)©Kfii^ffifflx*^ 

^©ffiti^iflis'j-r?) ^ t^oitek^s. 
[0 0 5 8] co«td*«a)sE*«^apa«i*^jESt-s^ 
ffittiJj£©ji»)tf$>aA J , <t DffSffltiJiW-raiiWT© 

[0059] (D ^ffi^kT^^y^a^^a^kb 

jEK«j*^«f:b-r*»J;VA. ^SKw^^ffttiO- 3 
~10- 1 Pa©iSHk:$)S©* s *f3iiT-feS. ^©fei&tc, 

A'J^H©^»^i:bT(i> T;i/*y^J«^©t>©4ffl 
&»Cfct, V&momihVl (Li 3 N, Na 3 N^) * 

7?Skv Li 2 Cr0 4 , Na 2 Cr0 4 «?©T;i/* y^Jl©^0 

Stc<±SI£±-t-, r;u*y^tt^#H«,T-^(b^ 



- 7 - 



<®m 2 Q* 0 1 - 3 3 2 390 (P2001-3 3239 OA) 



[0 0 6 0]© iittMtT^A'J^iroittifi 

r^*U^^b^)©^a®i:bT»i^ Li 2 0, Na 2 0, 
RMUCD&fc^tfffl^ftSo C©:Si£lC:fc^TfciU 
<Di: |a|«lcaffi±'r-7;i/* y ^JS^b^tfT^-^A 

[0 0 6 1]® &Jl#)|e|-i:7;i/;*j y&Hi:©flrg©ffi 

©Sift** *fc#HftT-eDC v V * h o > X /< 

©##£ bV>„ £©B$©EEiltt0.5~50mmTorr (6.7x10 
-*~6.7Pa) fIJgtffcFf: bl-><, 

[0 0 6 2]® ^JRMMhr^striJftMAVKXV? 

*«.Cfc 4. Ar#*#B§l 

TT-DCv^^ bQVX^y^SiXiiRF-?^* bn>X^ 
y*mx-mM*Bf&-?2><DiM{-£ bV><, d©BSfflJE±M± 
0.5~50mmTorr (6.7x 10- J ~6.7Pa) glWS bV><, 
[0 0 6 3] ±ffid>~®0**t*V^Ttt» &ft£M4# 

ffl«&H#x ft*©fl£$£v4£T:7^#y&JS^*^&Pi 

v-^>*sj£< , 7*D-b^±fflfiJ^* s #SC 

[0 0 6 4] Sfe^ *«^C«5iIi±v &g*t*4i:x 

m&mm& * » v> x iatrtira^S^ t£ - a ira&c <t 6 

fcii!)30at.%J^TT-fea. fcgaill 

fiiktt^. ^»^©ffi^j(iio- 7 ~io 

- 2 Pa©$5 H t * £ © # *f Jit- $> S o 

[0 0 6 5] ^CT-fflv>sr;i/* y&JB£-&W-rs*lSI 

litis. dtie>©*«Mb^»©#*uv^«li:l/-rtt» & 

[0 0 6 6]® TiB-HSst (I) T-^£*tS8-t Ho 

[0 0 6 7] 
[(b2] 



R 1 



(I) 



[0 0 6 8] (sSf, R'~R 4 li> ttALT* 

ifiJI^ v\py>JB^ 77**^ IB 

&g£*bTi>t* .ki^T^f — ;i/Sx 7y;i/*x >r 

a-AD7*t)H, zkHS, S&***bTOT 

tR 1 tR 2 xi±r 3 hR 4 li^n-^nKS^sg 

) 

[0 0 6 9]© TIB-ftS^ (ii) T-^^nar^AU 

[0 0 7 0] 
[flS3] 



(II) 



[0 0 7 1] (S^K R 5 ~R'°ti\ aiL- 
TTkfjiliii^ ;\Dy>B?, 75)^^ 

i^7^i, 75>S. r 

*bTOT-fe «fc^5S»SM£JiUS££*t-r. R 5 &v>b 
R 1 0 ©?*>. SCR 5 tR 6 . R 

7 i:R 8 , R 9 i:R 10 ,i^n^tiB?«-rsg^S 
|5i±T-s*ff5J5£bTt «tv>. M«ir;i/* y&HJiK?*^ 
To ) 

[0 0 7 2] ©T!2-flS^ (III) T?**W7^AU 

[0 0 7 3] 
Kb 4] 




4$gS2 010 1-3 3 2 3 9 0 (P 2 0 0 1 - 3 3 2 3 9 OA) 




(III) 



[00 7 4] (sS^ R'»~R l4 tiu tt&b 
T*«1S?> ^D^VS^ •7fr*JU&. 7771/dr;i/ 

i^^Ss 7^8, 7 
» 2 , r i3 hR i4 (i^n-enpg§'T5g^siBi±'t- 

g££bTV^*.fcv^#&&ft*iii«*£^U Mt± 

[0 0 7 5]® TI3-HS5S; (IV) T-^£*l37;i/*'J 

[0 0 7 6] 
[ft 5] 

R 16 

(IV) 




[0 0 7 7] (5S«t>, R 16 St/R 17 (±, 

bT*»H?, ^Dy>|^ 75;i/W 
g x Tn^-A^ ru;ua, ^^Sx 7US> r 



^bTV>tt>«fcV>^#««^^S*«b, MI±7;U*'J 

[0 0 7 8]© (V) ff^nS7;WJ 

[0 0 7 9 ] 
[ft 6] 

o 

R 1t *-C-0-M (V) 

[0 0 8 0] R 18 iir;i/*;uSx 77**^ 

7UJi/i> bTi^T*><fc 
^5?#»Ufcft*3!iJS*xtta&»** bT v>t *iv^ 

[0 0 8 1 ]© TfH-USa; (VI) f$*|vi7W 'J 

[0 0 8 2 ] 
[ft 7] 

H 19 

o— p- r2 ° 



(VI) 



[0 0 8 3] (i$*K R 19 ~R 22 fcfc, Ml 
Tr;udr;uSx r^u^n^ r^-;^ 7'J^ 

S N a&S££ 
bt wt * J;i^ #KKft*^^ax(±S^»4W bT 

^4^1-0 ) 

[0 0 8 4] ±3B-«B5£ ( I ) ~ (VI) fl?n57^ 

[0 0 8 5] 
[ft 8] 
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[0 0 8 6 ] 




(3-5) (3-6) 



[0 0 8 7] lit 1 0 ] 
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&M2 O'O 1 - 3 3 2 3 9 0 (P 2 0 0 1-3 3 2 3 9 OA) 




(4-1) 





(4-3) 



9 

-c- 

(5-1) 



CH3-C-O- Li f V-C-O-Li 



(5-3) 



O-Na 



-c- 

(5-2) 



9 



oa c '°- u 

(5-4) 




[0 0 8 8] zcD&oUrfrU , J^JS©#«'fb-&iKH*, 

£5£tt*iS»33b*4^-r. c©<fcd*^«»*4tT;i/ 
cutD 'J&JSIS^©** 5 * St&±T-©K 

«sa©r;i/* v^a©^Wb-&%©^»atMb-r, H 

[0 0 8 9] (§8i4©§IJPI±jim, Si® 2 tPtiT-fe 
5. 

[o 0 9 0] mmiz&mt&Bwx-. B4, sfcTK-f 



[0091] 3S*» n 1 ~ 5 (±. *ftw<D%nn%-&?t 

W©*««^*^ : f•©«^*lfi^^s*©^?^±^^v^. 
01 i:tt3i*©8li§> BP*>, a*Rl±£Pifii4, 

0£«©HK*«W©*«m#»ttf&?4f8tt4-i:* 

jg a c 1- a ^ t * niti-e £ . 

[0 0 9 2] 

»j „ wT©*ii0 | Jtc«k $pg;££ft3*©-e<±:&w 
[oo93] mmm 1 

0 5 (CTF-f «5jg£*t-r aw^m^*^? *wt©*^ 
[0094] #7xaigi±t'r >^^a • xzmit® 
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2 0*0 1-3 3 2 3 9 0 (P 2 0 0 1-3 3 2 3 9 OA) 



(I TO) jgfS*SJ&£120nmJ§ifibfe*© 
>y^tt© ; S^tr-AfiKUga ; ^>-Matal5Q) 
©7* h >J v^7 7-ftt'#i:^3i^?->^*ffl^T2in 

fc. ;<*-vjfcf£bfc I TOSffi*> r-bb>tcfc5@ 
life, 

[0 0 9 5] ±g3gB©ffl#l : $l&Tftl[s]«tf t>fr 

ggrt©8£K*s2xlO-«Torr (#}2.7xlO 
- 4 Pa) «Tt45S'5MiSh7 5'7'*iifei«; 

2xlO- 6 Torr (J&2.7X 10" 4 Pa) , ^H^M 1 fiUM 
StfcfTfcW KJ£ 10nm©»tt/*y 7rJB 3 a£J&J&b 
fc. 

[0 0 9 6] 
[ft 1 1 ] 




[0 0 9 7] tev CCggWCESSftfc-te v 5 y 7 
;i/ytftAtlfc, WTCSt, 4,4'-K* [N- (1-^7 
3^1/) -N-7iz)l/7^] t7i^4;i/y#©Hi 
©^V^UJ&t-^-T-MbTMSSrfi 1 ofeo ^©Kf 
©;i/y*fflfiJ8tt:* 250~260°Cffl$5HT'*JSilbfc. 3S« 
^©K^ai.7xlo'- 6 Torr (i&2.3 x 10~ 4 P a) „ M 
«^P^3^-30#r-M)?60nm©IE?L«iji«3 b4fl2f£b 

[0 0 9 8] 
[ft 1 2 ] 




[0 0 9 9] «-r£®?l&ia!« 3 

-t Kn*S/*7 y Al(C 9 H 6 NO) 3 £IE?lfSi& 

®3 btmrntz^rmm^tzo cckct^^-^a© 



8-tFD^->^y 'J >Hft©;i/y*SKtt270~3OO*C 
©ttSHT?fW9PU ^»l^©»^Kttl-3xlO-6Torr 

(^jl.7xlO- 4 Pa) % mm^fSlt2^imx-, BIP©75 
nmS^tftjaS® 3 c fcffijj&bfco 

[0 10 0] 

[ft 1 3 ] 




[0101] ±ffi©ia^f77i3 a, IE?L*&i£g-3b 

«*#bfc. 

[0 10 2] *^H»M3c*t!©***ff"3 

fcju-f *-*«i3ajiffiis»*«p , 3«k ») tc«t *) m b 

Tx H®^#^©vX7i:bT2mmiS©7 h5^7'tt , > 
+ (r _ v ^i7^ x B8i2©I TOX b7-f 7*i:fci:il£T 
S«fe-5fc3R^K:****T> »J©*?glSa^HrtCt9!B 
U S«»hl5l«tIbT^Srt©*S** s 2xlO-«Tor 
r (*f)2.7xlO- 4 Pa) WTCfcS $T?flMRbfc. $V> 
T, ^A£3&5fMStf0.3nm/#i:ft3.£5 K-M 

ftZVZ-JS-C. HUI3Li««ft^«5 (1-1) £350°C 

T-ira&ftiWb-c, jR*as*r;u^=>>AK:»bTio% 

^Jg{il.2x 10" s Torr (#]1.6x 10~ 3 Pa) ffe-^fc. 
HtlKWtx *gffl»£*»E6fcVVC» TJU^-7A* 
^ y TxVtf— h £fflV>T70nm©BI^-ef«Ji bt#SJi 
5i:bfc. r;i/^-^A^»W©*^JS«bO xl °- ST 
orr (i^jl.3xlO-3Pa) , 4#T-ifcofe. U 

±«D2JBSI9ai<DlR*ttO**»*ttSfiCff**bfc. 
[0 10 3] WlfflSCbt, 2mmx 2mm©-y--fX©* 

'e>»t»>abfc«, *«*ci^TiHtt^BffiiHifc**i«i 

©«E£EPiQbT##fttt£»J£bfc. ^©^?©#B* 
1 C^r. m 1 fc*S^T» 250mA/c 
m 2 ©affiSjet-©fI. 100cd/m 2 T-ffltt. 

mfg./nm±m&-mmmig.®&®®z** mmt 100 

cd/m 2 T-©<SS:S^*-ro $fc> £©3t^©«ffi-» 

[0 10 4] y^>>A, 

<fc»)#flTbfci:C^ T;i/5-9AM^* 5 94.5at.X, & 
mm?& l.Oat.X, KJUJS^^.Jat.Jk Uf!>AB? 
# 0.4at.XT-feofc o 
[0105] Hifite0"J 2 

7 ;u5-7A^«-rsLi««ft^ti (1-1) (okmm 
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[0 10 6] glfcffll i:IBMi£bT, r;u^-^Ai:Li 

7;i/£~9AJR?tf67.2at.%« KM^tf S.lat.Jk R 
JRJSi^jiW.eat.X/ 'J^A/S^tf 1.2at.XT-fcofe„ 
g?iitlf ?©90%«7Jl/ 5 Ai:*££bfe®ifiT-;fco 

fe. 

[0107] *Sfc0iJ 3 

Li*«Mb^*fc UT ( 1 - 1 ) ©ttfc t)lc, ( 1 - 2 ) 
[0108] ^B£0»J 4 

Li*fSSHb£«5i:bT (1- 1) ©tttoSC, (3-5) 
Cl©JR?0**«ftt*aiC» «E-*fK#l4£0 6 C 
[0109] j£«Kft| 1 

fcHWzLTX?*fMRlsfe. c©sil*©$g#;*ft*£it 
1 «£E-ff*«ftt*BI6fcSr.. 
[0110] ^JS^J 5 

[oiii] Hit., mmmi tmmic^r. n^mmm 

J;D*iR+fcS!l?>ffiLT, Pi1£*£#ffl©vx^i:b-T:2ni 
ni®^h7'f7tt->+F-77*t, ^12fflITO 

Xffi?IK*MBrtlcMU ftlMfcnttK: ITiirtO 
H£S#2xlO- 6 Torr (ift2.7x 10~ 4 Pa) «TC*5 
ST-Stftbfc. Hive, M"J7^U-*Wl/7l:J:5 
MK99.099SXeDS)R^* x &g(*!©EE:*J #2 x 10" 5 T 
orr ((j*j2.7xlO-3Pa) fc*t*#£ft3 J: 5 tSAUfe. 

2wHl8*»SfcJ;i>§U*30i»fcfc3J;$fc» KJKJB? 
*5IRf&fc*«LfclM9«4*Jfcj«bfc. ^»KfF^Ji2 

at* l.sitXTftofe. scitvvt* $im<z>nQ%®. 




B#©X£gJ41.5xlO- 5 Torr (J^2.0x 10~ 3 Pa) , M 

»wnBtti«-2o»-e»o&. «±©2fl^(i«s©iiSKf 
[0112] ceDjfrp©»*i$tt*aifc* mff-w* 

[0 113] 4*. ^©S^C'Jff 

Ci Ifei::^ ^JSttSgCT^^AJK^tf 
72atX R'fb^nfctt^©7';v 5. A|j5l?#7at.X, 
®iHIS?#18at.X, 'J^AK^tfl.Sat.XT-ifeofc. 
[0114] ^JSfiaj 6 , 7 

PMS + O'J^AW^©****, 3.0at.% fc8. 

Oat.%i: bfefl&fctSyte#J5 bT^?4f^«ib 
fc. cn^o^^c^^^ftt^aifc^-r. 
[0 1 15] fc*s, «%0|6?flMRbfe*?*£MSIfl 

[0116] J±«0IJ 2 

LT, I?^ibfe. IP*.. TA^-^AKlti^'JX 
^V&Jitf-bfcffifflU 'J^AjKhbTtt^nAR 

d^ajs (-y-^x^^^-XttSiT^* uf-t x^> 

■9-—) £{£fl!U *^Jgl.0xl0-5Tor.rT-r;i/^-^ 
Affl^tfi&KfctO . 5nm/#£U U^A©^*® 
JS2. 411%, 0 nmfflffiSMU:. 

[0 117] i©38^*Sijgil'»fc, ^3S#H^TS® 
TJ2»H«#bfc*ffl»#t$tS*W«U *§S£SU£ 

*P bfco 

[0 118] Cffl^^(i«#^, 50%©ntt#*ftfttt 
[0119] JGM 8 

m?mmm3 c t brmiB^x v<h-&® (t-3) 

##$>g (T-2) £5«S%H-Xb;fcJf*lgtJP3 0 
nmT-f8:tt\ ^©±CICt?aA«i:Lt> WT©7 
^^-CAii^-lie?^ (T-4) 4I110nmt 

#.Zmm3 5nm-C-^Mbfcfi«, 5 iiPltkC:* 

?*^SabfehC-5, $115 1 2nmi:M^4t 

g i t^-r. 

[0 12 0] 
[ft 1 4 ] 



(T-4; 
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[0121] 



[an 



m 








[cd/m'] 
©250mA/cm l 


[tm/W] 
©lOOcd/m 2 


met 

j [cdXA] 


mm 

[V] 
eiOOcd/m* " 




94.5:0.4:1.0:4.2 


7130 


2.03 


3.3 


5.2 


9HM2 


67.2:1,2:8.1:23.6 


7710 


2.22 


3.5 


5.0 


Hlfett3 




7040 


2.01 


3.3 


92 


^ffi®4 




5000 


1 29 


2.6 


S2 




79.01 5:0:18.0 


8340 


2.67 


4.0 


4.7 




77.5:3.0:0:18.0 




2.13 


3.7 


5.5 


mmmi 


70 c on n, ion 

/Z«9.0.U.U: 18.0 


7690 


2.3! 


3.7 


5.1 




79.0: 1.5:0: 18.0 


35510 


134 


26.0 


6.1 




fctti 


Ai 


2730 


0 49 


1.3 


8.4 






AiLr 


9295 


2.18 


4.1 


6.0 




1513 


023 


088 


12.0 



[0 12 2] ai*>£tE5>fr&J:dC, T^K-^AJ; 
!) bfcJt«E« KOJR^Tftt^JtWtt* 5 * 

T©HfflttK:*»*S. 

[0 12 3] dtlfcfcfbT, *«WfcJ:*tH» fiSEET- 
[0 12 4] *Sfc % 5 ~ 7 J: »K iglS^'J^A 

^*fiT?ft#ft&#4m&£;e£^s;:fc#Tgs;ri: 
[0125] *fli^J 9 

A * 3 . Oat . %^*f -T S IttfiiJI * 40nm©P $ fc «Jf bt HI 
«Si:Ufeflfe«i, HJE{fd5 hlRia{CbT^?*#©Ufc. 

70y77t^t. *?©W*M4tt**x 250mA/ 

cm 2 1 V^o iftv>m^ffiJKT-Sl!l b feRfWffSffiTT-iffffi 
bfc. I©««B8oy77C*r. 
[0126] JtttM 3 

t4£H2k07©^7 7£, iS&««Effi«-e 
[0 12 7] C*l?> ©*§**»£, 7;U^-r>A©^©ll 



[0128] mmm 1 o 

t> <3gJg*s5xlO-6Torr (j^6.7x lO-^Pa) ©#*§ 

®ibfc. do*^©»*«ftti±a2t^-ra»)Tf*»). 

fc. *fc, i*«*«flrc©Bllttj|lttB8©a!>AJiFV 

[0 12 9] ft*, C0X?a>ttaejtftft*E*M5£H 

at.V K{b£ftiMtt8©7Vl/5^AIgi?#16atX £ 
^J^^)V29at.%, A»?#3at.%T!*ofc. 
[0130] X«fl 11 

[0131] Cl©^?©Kifii)fi^*IISI6«5 fcH«C# 
#fbfci:C3* ^JSttffi©T;i/5-^AJS?AS83at.%, 

■fls*nfett«or;u5=^AB?*«7at.x, ill? 

tfOat.X, h >J ->AIS?AS0.5at.%T-feofco XPST- 
Mtc^-h y^AlB^ottJBsa^fciic*, 30%*s^b 

[0132] 
t«2] 
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7D«/t#JHPO£ 

[cd/m*] 
@250mA/cm I 


[bn/W] 
©lOOcd/m 2 


[cd/A] 


•a: 

[V] 
8100cd/m* 




7330 


2.24 


3.6 


9.0 




914D 


2.47 


3.9 


5.0 




7690 


2.47 


3.6 


4.6 


&««3 


7760 


1.74 


3.4 


6.0 



[0 13 3] 

[»«©»*] jw±»j«bfea»), &Mtm> t;i/*u 

[0 13 4] fcfc, *ftl||e«1MIIMftXX?oa&# 

fr b z. t & < IZBA * Z> - 1 #T? £ £ . 
[0 13 5] «toT. *^WO*«S#^*^^l±. 7 

*«x sif^rK^itsiio^'^?^ hit 
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